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Method for detecting tracking error in optical disk system and its optical system devices therefor. 



CM 
< 



00 



CO 
CO 



© A method for detecting a tracking error in a process of 
tracking a groove track on a recording medium includes the 
steps of: irradiating a first light spot onto a groove track on a 
recording medium as a focused light beam for carrying out 
recording, reproducing, or erasing of information on the groove 
track of the recording medium; and irradiating a second and a 
third light spots onto an area around the groove track on the 
recording medium as focused light beams simultaneously with 
the irradiation of the first light spot, the second and third light 
spots are irradiated onto an area around the groove track on 
one side of the first light spot in a manner such that each of the 
second and third light spots covers both an inside and outside 
of the groove track. 
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Description 

METHOD FOR DETECTING TRACKING ERROR IN OPTICAL DISK SYSTEM AMD ITS OPTICAL SYSTEM 

DEVICES THEREFOR 

The present invention relates to a tracking error detection method applicable commonly to an optical disk 
5 medium for different recording systems, and a diffraction grating and a photodetector for use in the above 
detection method. 

In general, in prior-proposed optical disk recording systems, when information is read out after being 
recorded, due to the fact that an apparatus in the system detects errors such as when a laser beam spot 
cannot trace a normal track or a groove, there is a conventional tracking error detection method which 
10 employs error detecting spots before and after each main spot for recording and reading in addition to the 
main spots. But since this method has the disadvantage of not being applicable to a phase variation type 
optical disk or an additional storage type optical disk, it has long been desired to develop more advanced 
tracking error detection system technology which can be utilized for the numerous types of optical disks in 
common use. 

15 In general, a microspot of a laser beam projected by an optical head is irradiated onto a predetermined track 

of a rotary optical disk recording medium to effect recording and reproducing of data. The laser beam spot 
must always remain on the track. Since the track is often displaced due to an inclination of an optical path 
based on the rotation of the disk, it is necessary to have the laser beam spot follow the displacement. The 
follow means consists of detecting a shift of the irradiation position of the spot and mechanically moving an 

20 objective lens used for the laser beam. The detection of the shift of the spot irradiation position is referred to 
as detection of a tracking error. 

Previously, a push-pull method or a three-beam method has been employed as tracking error detection 
methods, but neither of them is completely satisfactory. 
An embodiment of the present invention may provide an advanced method for solving the problems of the 

25 existing art tracking error detection method in which when a tracking error is detected by three laser beams, a 
second spot and a third spot are disposed on one side of a first spot to detect the tracking error. 

An embodiment of the invention may provide a new method in which, when the production of a focusing 
error is undesirable, an inclination of an optical disk will not interfere with the focusing error detection process. 
In accordance with the present invention, there is provided, as a specific feature of the invention, a method 

30 for detecting a tracking error in a process of tracking a groove track on a recording medium including the 
steps of: irradiating a first light spot onto a groove track on a recording medium as a focused light beam for 
recording, reproducing, or erasing information on the groove track of the recording medium; irradiating a 
second and a third light spot onto an area around the groove track on the recording medium as focused light 
beams simultaneously with the irradiation of the first light spot, the second and third light spots being 

35 irradiated onto an area around the groove track on one side of the first light spot in such a manner that each of 
the second and third light spots covers both an inside and outside of the groove track; optically detecting, by a 
plurality of photodetectors, light from the first, second, and third light spots reflected from the recording 
medium; and determining a tracking error in a process of tracking the groove track by a calculation using the 
results of the optical detection by the plurality of photodetectors. 

40 In accordance with the present invention, there is provided, as another feature of the invention, an apparatus 
for detecting a tracking error in a process for tracking a groove track on a recording medium including: a 
recording medium having a groove track in the surface thereof; a light source for producing light emissions to 
be irradiated onto the recording medium; irradiation means for irradiating a first, second, and third light spots 
onto an area around the groove track on the recording medium, the first light spot being irradiated onto a 

45 groove track as a focused light emission for recording reproducing, or erasing information on the groove track 
of the recording medium, the second and third light spots being irradiated onto an area around the groove 
track on the recording medium as focused of light beams, the second and third light spots being irradiated 
onto an area around the groove track on one side of the first light spot in such a manner that each of the 
second and third light spots covers both an inside and outside of the groove track; a plurality of 

50 photodetectors for detecting reflected light beams of the first, second, and third light spots reflected from the 
recording medium; and calculation means for determining a tracking error for use in a process of tracing the 
groove track by use of calculation based on the results of the detection by the plurality of photodetectors. 

As a further feature of the present invention, there is provided a method for detecting a tracking error and a 
focusing error in a process of tracking a groove track on a recording medium including the steps of: irradiating 

55 a first light spot onto a groove track on a recording medium as a focused light beam for recording, 
reproducing, or erasing information on the groove track of the recording medium; irradiating a second and 
third light spots as a first light spot group, and a fourth and fifth light spots, as a second light spot group, onto 
an area around the groove track on the recording medium as focused light beams simultaneously with the 
irradiation of the first light spot, the second to fifth light spots being irradiated onto an area around the groove 

60 track in such a manner that the spots belonging to one light spot group are irradiated on one side of the first 
light spot, that the groove portion and the non-groove portion are discriminated, that a focused light spot and a 
non-focused light spot are discriminated, and that each of the second to fifth light spots covers both the inside 
and outside of the groove track; optically detecting, by a plurality of photodiodes, lights of the first to fifth light 
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spots reflected from the recording medium ; and determining a tracking error and a focusing error in a process 
of tracing the groove track using a calculation based on the results of the optical detection by the plurality of 
photodetectors. 

Reference is made, by way of example, to the accompanying drawings in which: 

Fig. 1 illustrates a proposed push-pull tracking error detection method; 5 
Fig. 2 illustrates a proposed three-beam tracking error detection method; 

Fig. 3 shows an apparatus for effecting a proposed three-beam tracking error detection method; 
Fig. 4 illustrates a shift of spots for a pregroove of the recording medium; 
Fig. 5 shows a proposed photodetector; 

Figs. 6 and 7 illustrate tracking errors according to a direction of movement of the recording medium; 10 
Fig. 8 shows an apparatus for effecting a tracking error detection method according to an embodiment of 
the present invention; 

Fig. 9 shows the constitution of diffraction gratings, utilized in the apparatus in Fig. 8; 
Fig. 10 illustrates the arrangement of spots in the apparatus of Fig. 8; 

Fig. 11 shows an arrangement of two diffraction gratings; 75 
Fig. 12 illustrates the distribution of spots on the recording medium; 
Fig. 13 illustrates a light intensity ratio between spots; 

Figs. 14 and 15 are both cross-sectional views of a rugged surface type and a volumetric type of diffraction 
gratings; 

Figs. 16 to 18 show an integrated type, a multiple layer type, and a multi-recording type of diffraction 20 
gratings; 

Figs. 19 and 20 illustrate the manufacture of diffraction gratings; 

Fig. 21 is a diagram showing another embodiment of an arrangement of diffraction grating; 
Fig. 22 is a diagram showing two sheets of diffraction gratings integrated with a prism; 
Fig. 23 is a diagram showing a diffraction grating integrated with a beam splitter; 25 
Fig. 24 is a diagram showing variations in spot placement; 
Fig. 25 is a diagram showing the relative placement of a photodetector; 
Fig. 26 is a diagram showing an incomplete state of a tracking error detection method; 
Fig. 27 is a diagram showing the relative placement of another embodiment of a photodetector; 
Fig, 28 is a diagram showing an apparatus effecting a tracking error detection method as another 30 
embodiment of the present invention; 

Fig. 29 is a diagram showing a photodetector of the device in Fig. 28; 

Figs. 30 and 31 are schematic block diagrams showing an operative circuit of the device in Fig. 28; 

Figs. 32 to 34 are diagrams showing each signal display method when detecting a tracking error; 

Figs. 35 to 37 are diagrams showing each signal display method when a focusing error is detected ; 35 

Figs. 38 and 39 are diagrams showing a detection signal with or without an inclination; 

Fig. 40 is a diagram showing a detection signal when a double refraction occurs on the surface of a disk. 

Before describing an embodiment of the present invention, an existing tracking error detection method will 
be described with reference to Figs. 1 to 7. 

A push-pull method for detection of a tracking error previously proposed is illustrated in Fig. 1. in this 40 
method, a reflected light from an optical disk is input in a photodetector which is divided into two parts (that is, 
an upper part and a lower part). The difference between the outputs of each detector is then studied and a 
method is used to regulate the irradiation position of the spot in order to lessen the above difference. Also, 
since in the push-pull method, even if there is no track shift, the position of the spots on the photodetector 
changes when the disk inclines, and it is sometimes erroneously judged that a tracking error has occurred. 45 
This dynamic inclination of a disk is referred to as a flat-disk vibrato. 

A three-beam method, as shown in Figs. 2 to 7, is utilized as a countermeasure to the occurrence of an 
inclination of an optical disk in the existing tracking error detection methods. 

Figure 2 illustrates a fundamental form and the operation of the three spots in the three-beam method. 

Figures 2 and 3 show a constitution of the device for effecting the three-beam method. In Fig. 3, reference 50 
numeral 1 denotes an optical disk, 2 a laser diode LD for generating a laser beam, 4 a collimeter lens for 
obtaining a parallel luminous flux, 6 a plane diffraction grating, 7 a beam splitter, 8 a X/4 retardation plate, 9 an 
objective lens, 10 a condenser lens, 14 a three-section photodetector, and 16 an operational amplifier for a 
detection circuit. A device incorporating reference numerals 2 to 14 (that is, from a laser diode to a 
photodetector) is referred to as a photo-detector portion. A laser beam from the laser diode 2 is made into a 55 
parallel light beam by the collimator lens 4 and via a diffraction grating 6, a polarized beam splitter (PBS) 7, a 
XI A wavelength plate 8 for effecting a transformation of a circularly polarized light, and an objective lens 9, and 
the laser beam is then irradiated onto SP1 of a disk medium plate 1 as a first spot. The laser beam passing 
through the diffraction grating 6 is diffracted and then irradiated onto SP2 and SP3 as a second spot and a third 
spot on both sides of SP1 on the medium plane 1. In this case, if a shift of the spot to a pre-groove of the 60 
medium occurs, problems result as shown in Fig. 4. Light reflected from the SP1, SP2 and SP3 reverts and is 
then transferred perpendicularly to the reverted light on the reflection plane in the beam splitter 7, to arrive at 
the positions of D1, D2 and D3 in the photodetector 14 through a condenser lens 10. 

Fig. 5 shows a side elevation of the photodetector 14 where light falls from the upper sides thereon used 
through a condenser lens 10. In Fig. 5, D1 is used to detect a reflected light from a first spot SP1 , D2 that from a 65 
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second spot SP2, and D3 that from a third spot SP3. D1 denotes a detection portion quartered from A1 to A4, 
which detects information signals and detects a focusing error using an astigmatism method (In Fig. 3, no 
optical element is shown for generating astigmatism). A5 and A6 are a second and a third spot detection 
portions for detecting a tracking error. That is to say, when there is no difference between the detector 
5 outputs, it is determined that the first spot between them is present at the center of a track groove or 
pre-groove, and when there is a difference between the detector outputs, the direction of a shift of a track in 
relation to the spot is detected, according to whether the difference signal is positive or negative. 

Figures 6 and 7 are drawings for explaining a tracking error. Fig. 6 shows a diagram of a Write-Once type of a 
Phase-Change/Magnetooptics type disk utilizing an optical disk with pre-grooves, and Fig. 7 is a diagram of a 
10 disk in which a series of pits are written and which has no pre-groove. In Fig. 6, a main beam SP1 denotes a 
position where a first spot is irradiated, auxiliary beams SP2 and SP3 separate positions where a second and a 
third spot are irradiated, AR a transfer direction of an optical disk medium, and PG pre-groove data recorded 
on a track of the medium 1 . An interval of the position where each spot is irradiated is equal to d. The first spot 
is desired from 0-order transmitted light and the second and third spot on plus or minus primary-order 
15 diffracted light. The more than ±2-order diffracted light which is generated when a diffraction grating is 
employed, is weaker than the transmitted light or the ± 1 -order diffracted light and is slightly separated, so the 
detector 14 is so constituted that it cannot detect anything. In Figs. 6 and 7, SP1 is a main spot for writing, 
reading and erasing information, and when the position of SP2 and SP3 changes, the inputs to the detection 
portions of A5 and A6 vary, as shown in Fig. 5. Therefore, the outputs of A5 and A6 are calculated and the 
20 position of the objective lens 9 is regulated so that each output of the detection portion has the same value. 
Regarding the information, Fig. 6 shows a case in which a series of pits corresponding to the information "0" 
and "1 " are formed. In Fig. 7, reference numeral 1 1 denotes a pit of, for example, data "0" (that is, a short pit), 
12 a pit of data "1" (that is, a long pit), AR a transfer direction of a medium, and d an interval of positions for 
irradiation between each spot SP1 , SP2, and SP3. SP2 and SP3 are arranged on opposite edges of pit 1 1 and 
25 pit 12, respectively. Therefore, the operation of light reflected from the medium being detected by the detector 
14 to detect a tracking error, is the same as in Fig. 6. 

In the case where the disk medium is of a magnetooptics type, when the configuration of an incident spot in 
a detector varies just a little due to a minute slant of the disk medium, it does not at all interfere with the 
detection operation of detecting, as long as the configuration is present in the detection sphere, especially of 
30 A5 and A6 in Fig. 5. Thus, the detection operation of the device is not affected. 

The tracking error detection method by the three-beam method shown in Figs. 2 to 7 however, necessitates 
that reflectances from the second and third spots for detecting a tracking error are equal on the groove of the 
medium. For this reason, for example, in a phase-change type optical disk, when information is being written 
by the first spot the reflectance differs from the completely written sphere and in the not-yet-written sphere 
35 and the tracking error cannot be correctly detected. This also applies to the write-once type of disk. Moreover, 
there is another problem in the tracking error detection by the three-beam method in that a focusing error can 
occur. 

An apparatus for carrying out a tracking error detection method according to an embodiment of the present 

invention is shown in Fig. 8. 
40 In Fig. 8, reference numeral 1 denotes an optical disk medium, 2 a semiconductor laser, 7 a beam splitter, 9 

an objective lens, 10 a condenser lens, 13 a diffraction element formed by two diffraction gratings, 14 a 

photodetector, 15 a track groove on an optical disk medium and 16 a calculation circuit. 
The device of Fig. 8 is constituted as follows. The device includes means for focusing and irradiating the first 

spot SP1 , a disposal means, photodetectors and a calculation circuit. 
45 The means for focusing and irradiating the first spot SP1 comprises a semiconductor laser 2, a diffraction 

element 13, a beam splitter 7 and an objective lens 9, and focuses and irradiates the first spot SP1 for 

recording, reproducing and erasing information on an optical disk medium 1. 

A diffraction element 13 extends over each stage for separating a groove portion 15 from a non-groove 

portion. The diffraction element 13 irradiates a first, a second and a third light spots onto an area around the 
50 groove track on the recording medium. The first light spot is irradiated onto a groove track as a focused light 

irradiation for recording, reproducing or erasing information on the groove track of the recording medium. The 

second and third light spots are irradiated onto an area around the groove track on the recording medium as 

focused light beams and the second and third light spots are irradiated onto an area around the groove track 

on one side of the first light spot in such a manner that each of the second and third light spots covers both an 
55 inside and outside of the groove track. 

The photodetector unit 14 is comprised of three photodetectors D1, D4 and D4 and receives reflected light 

rays from separate spots SM, SP4 and SP5. A calculation circuit 16 computes outputs of the photodetector 

unit 14 to calculate a tracking error. 
The structure of the diffraction element 13 utilized for the apparatus of Fig. 8 is shown in Fig. 9. In Fig. 9, two 
60 diffraction gratings 18, 19 have different directions of diffraction and 20 denotes a light axis, the two diffraction 

gratings 18, 19 having different diffraction directions are disposed so as to irradiate the second and third 

spots. 

Figure 10 is a diagram showing the arrangement of the spots in the structure of Fig. 8. In Fig. 10, reference 
numeral 1 denotes an optical disk medium, 15 a track groove or pre-groove of the optical disk medium, and 
65 SP4 and SP5 a second spot and a third spot. A laser beam from a semiconductor laser 2 in Fig. 8 is irradiated 
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onto a track groove 1 5 of the optical disk medium 1 as a first spot SP1 . A second spot SP4 and a third spot SP5 
which are generated by the diffraction gratings 18, 19 shown in Fig. 9 are disposed to extend over the stage 
difference between an upper stage and a lower stage of the groove 15. Due to this disposal, when a track 
position shifts due to eccentricity in the course of rotation of the optical disk medium 1 , a malfunction is 
detected in the photodetector 14 in Fig. 8 which detects the reflected light from a second spot SP4 or a third 5 
spot SP5. Then, the output of the photodetector 14 is calculated in the calculation circuit 16, and the position 
of the spot irradiation means is finely regulated in the propose direction until the difference output is reduced 
to zero. From this, the first spot SP1 is stabilized at the position where it enters into a track groove 15. Even if 
the medium 1 is situated in a direction shown as a transfer direction AR (that is, when other spots precede to 
the first spot) or vice versa, the state remains unchanged. That is, it originates from the fact that even when 10 
information is being written by the first spot, the write state and the non-write state are the same. In order to 
arrange both spots on one side of the first spot as in the second and third spots, two diffraction gratings 
having different diffraction directions (that is, the direction of grating fringe) will serve this purpose. 

In Fig. 10, it is desirable that both the distance di from the first spot SP1 to the second spot SP4 and the 
distance d2 from the first spot SP1 to the third spot SP5 should be made as small as possible up to an extend 75 
at which an image of spot can be separated on the photodetector, and the first spot SP1 can be stabilized in an 
On-track state. 

Fig. 12 shows a configuration of each spot. The function of the spots SP1 , SP4, and SP5 in Fig. 12 can be 
explained in the same way as in Fig. 10. That is, a tracking error is detected by spots SP4 and SP5. The 
detection is effected by the photodetector 30 and in this case, the position of the spot irradiation means is 20 
finely controlled so that an error can be cancelled. 

Next, referring to Figs. 10 to 12, the operation of the diffraction gratings will be described in detail. Figure 11 
is a diagram showing the disposal of two different gratings 18 and 19. The two gratings have different grating 
pitches, the directions of the grating stripes are shifted in relation to each other and the gratings are set in a 
luminous flux of a laser beam. If the angles 01 and 02 which indicate a direction vertical to the grating stripes 25 
and a medium transfer direction AR (a direction of the track groove) form there between are illustrated 
responsive to Fig. 10, the angles are shown with the width of a track groove dT and the intervals of spots di, 62 
by the following relational expression. 
0i = sin" 1 (dr/2di) 

82 = sin -1 (ch72d2) 30 

If the pitches of the grating stripes are 47 u,m and 94 u,m, respectively, the wavelength is 830 nm, and the 
focal distance of an objective lens f is 3.4 mm, a reflected angle of ±1 -order diffracted light is multi-plated by 
the focal distance f to obtain the spot interval di and d2 as follows, 
viz., di = 30 jim 

d2 % 60 u,m 35 

In fact, based on the light diffracted by two diffraction gratings, a number of spots are distributed on the disk 
medium. Figure 12 is a diagram showing spots distributed on the medium. As shown in Fig. 1 1 , when the laser 
beam enters in a grating 18 after passing through a grating 19, gratings by the 0-order passage of the laser 
beam through both gratings, the first spot SP1 is produced. The spots SP1, SP5 and SP7 caused by the 
diffraction grating 19 and these spots develop the ±1-order light produced by the diffraction gratir.3 18 to 40 
generate a number of spots SP4, SP6, SP51, SP52, SP71, and SP72.The spots which are used for detecting a 
tracking error are a combination of SP4 and SP5 or a combination of SP6 and SP7. 

Both diffraction gratings 18 and 19 are made to be a value such that the 0-order transmittance of the vertical 
incidental ray may be some 80% and the ± 1 -order diffraction efficiency is some 8°/o. Accordingly, the ratio of 
the intensity of nine spot light rays or the ratio of the quantity of light attains the values as shown in Fig. 13. If 45 
the ratio of the incident light to a diffraction grating is 100o/o, for example, when the first spot SP1 is produced 
by two diffraction gratings, it is equal to 80% x 80°/o 64%. 

There are four spot components that are diffracted by either of the diffraction gratings, with one diffracting 
grating diffracting and the other transmitting, with an efficiency equal to 

8OO/0 x 80/0 = 6.40/0 ' 50 

There are also four components that are diffracted by each of the two diffraction gratings with an efficiency 
equal to 

80/0 x 8O/0 - 0.640/0 

Since the components of a higher order of diffracted light more than ±2-order becomes much lower, the 
value can be neglected. 55 

The ratio of the intensity of light in the first spots SP1 versus the spots SP4 and SP5 for detecting a tracking 
error is 10 to 1, and the latter does not affect the recording operation of the former. 

Fig. 24 is a diagram showing the variation of a spot position when the wavelength of the laser beam changes 
due to a change of atmosphere temperature. A semiconductor laser is used in order to generate a laser beam. 
It is known that, if a single mode of a laser beam is being generated, when atmospheric temperature and 60 
driving current change, the wavelength of the laser beam to be generated changes correspondingly. Since a 
diffracted light due to a diffraction grating is employed for the purpose of the spot for detecting a tracking 
error, the position for irradiating a spot changes corresponding to the change of wavelength. 

In Fig. 24, a circle indicated by a solid line shows the position of a normal wavelength of a first spot SP1 to a 
third spot SP5 and circles SP4' and SP5' indicated by a broken line show each spot position when the 65 



5 



ft 



EP 0 330 481 A2 

wavelength becomes shorter. When an original wavelength changes, for example, the variation is Ak ( < 0) and 
a respective shift value of the spots is Adi and Ad2. The detection of a tracking error corresponds to the 
calculation of the difference signal between the outputs of the photodetectors responsive to the spots SP4 
and SP5, so it is necessary to take into amount the relationship between AXi and AX2 when the wavelength 
5 changes. In this case, it is necessary to prove the relationship 
AX1i = AX 2 

Calculate the relationship or Fig. 12. 
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Suppose that a diffraction angle by means of a diffraction grating is 8, the spot intervals di and 62 are 
proportional to tan 9. As 0 is sufficiently small, it may be considered that di or 62 ©° 6. 
30 On the other hand, suppose that a spatiai frequency (a reciprocal of a pitch) of the diffraction grating is f , it 
then holds that the relationship for a 1 -order diffraction light is 
sin 8 = U\ (3) 

Also, since 8 is small, suppose that 
sin 0^0. 
35 we then obtain 
0 00 \% 

That is, since di or 62 00 X, the following relationship holds. 



40 



45 



50 



Ad x A A 
co -r— 



d i 



Ad 2 AX 



d 2 



(4) 



(5) 



From the above expression, even if there is a change of wavelength, Axi = AX2 is derived. This is true with 
Ak > 0. Thus, a desirable result is obtained. 
A concrete structure will be described in which two diffraction gratings are disposed. Figs. 14 and 15 are 

55 cross-sectional views showing different kinds of diffraction gratings. In the figures, a plane diffraction grating is 
shown in which the stripes of the diffraction grating are straight and the pitches PT are equal to each other over 
the whole grating. Fig. 14 shows sectional diagram of a diffraction grating in which a striped pattern is applied 
to a rugged surface type, and Fig. 15 is a sectional diagram showing a volumetric type or a refractive 
index-change type. Figs. 16 to 18 show two types of diffraction gratings. 

60 Fig. 16 is a diffraction grating in which two types of grating 18, 19 are attached to both sides of a substrate 
17. This is used for both a rugged surface type and a volumetric type grating. Fig. 17 shows a multi-layer 
structure in which diffraction gratings are laminated on one side of a substrate 17 which is then used as a 
volumetric type. Fig. 18 shows a multi-recording diffraction grating which has the functions of two kinds of 
diffraction gratings on one film of substrate. 

65 A method of making a multi-recording diffraction grating is illustrated in Figs. 19 and 20. In Fig. 19, three 
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coherent plane waves are interfered with to form interference fringes or effect an electron beam exposure 
method, for the purpose of providing a part of a vertical incident plane wave to the diffraction grating with a 
special function of diffracting in two different directions. In Fig. 20, the interference exposure of two coherent 
plane waves is carried out twice to form interference fringes or effect an electron beam exposure method. 
Figures 21 and 22 show another embodiment of a disposal (arrangement) of a diffraction grating. 5 
In Fig. 22, two diffraction gratings are disposed at the medium side 1 and at the laser source side of a beam 
shaping prism 21 which is used as a prism 5 as shown in Fig. 21, and the rugged surface prism in Fig. 16 is 
utilized to transform all elliptical beam into a circular one. For example, resist is employed to form the 
diffraction grating by means of an electron beam direct picturing method. Since the diffraction grating is 
arranged on both sides of the beam shaping prism in a path of a laser beam, a dimensional increase of the 10 
optical system due to the integration of the diffraction grating can be neglected. 

Figure 23 is a diagram showing another embodiment of the disposal of the diffraction grating, which 
illustrates the incorporation of a beam shaping prism 73 and a beam splitter 7. In this embodiment, the prism 73 
and the beam splitter 7 are combined to incorporate the diffraction gratings 74 and 75 forming a volumetric 
type grating. The volumetric diffraction grating is formed by, for example, polyvinyl carbazol (PVCz), which is a 15 
material of good transparency and of small transmission loss, thus enabling a more miniaturized structure of 
an optical head. 

A photodetector will be described with reference to Fig. 25, which is a diagram showing a positional 
relationship of a photodetector 14 shown in Fig. 8. 

In Fig. 25, reference numeral 22 denotes a photodetector for a first spot A solid circle in each photodetector 20 
illustrates an irradiation from a corresponding spot. The photodetector 22 for the first spot is divided into four 
parts 22-1 to 22-4, each part is a perfect square having 100 to 300 u.m sides and is arranged at an interval of 
some 10 ujn. The tracking error detector 23 and 24 lie one one side of the first spot photodetector 22, that is, 
on the left side of Fig. 25, each side being 200 to 600 |xm and forming a perfect square. The photodetector 22 is 
formed by a six-divided PIN photodiode. Another embodiment of the photodetector is shown in Fig. 27, which 25 
is shown in Fig. 26. 

Fig. 26 is a diagram explaining an extreme case where a tracking error in the present invention is detected 
imperfectly. In Fig. 26, spots SP1, SP4 and SP5 are the same as shown in Fig. 8 and the position of a spot 
shown by a solid line is normal, but the relational position with a groove as shown by a broken line may change 
in some cases. For this reason, the output difference signals from the second and third spots are zero, but the 30 
first spot cannot irradiate at a normal position. Therefore, another method is investigated which utilizes the 
fourth spot SP6 as shown in Fig. 12. 

In response to a spot SP6 which relates to the ± one-order diffracted light and is essentially unnecessary to 
the second spot SP4, another photodetector is added on the reverse side with the photodetector for the 
second spot as shown in Fig. 27. In the first setup of the status, three photodetector 22, 23, 25 are utilized and 35 
supposing that the optical disk medium is not yet recorded on or has been already recorded on, as long as the 
second and the fourth spots are in the same state, the diffraction grating are adjusted, that is, it is necessary to 
adjust such that the output of the photodetector 23 is the same as that of the photodetector 25 and the output 
of the photodetector 23 will be the same as that of the photodetector 24. 

The device for effecting a detection method of a tracking error and a focusing error as still nother 40 
embodiment in accordance with the present invention will be described with reference to Figs. 28 to 40. In the 
device of Fig. 28, a tracking error is detected by spots SP4 and SP5 and a focusing error is detected by spots 
SP6 and SP7. On the contrary, spots SP4 and SP5 may be utilized for the detection of a focusing error and 
spots SP6 and SP7 for the detection of a tracking error. 

In Fig. 28, reference numeral 1 denotes an optical disk, 2 a semiconductor laser, 7 a beam splitter, 9 an 45 
objective lens, 10 a condenser lens, 13 a diffraction element formed by two sheets of diffraction gratings, 15 a 
track groove, 30 a photodetector and 31 a calculation circuit. 

The device of Fig. 28 has the following constitution. That is, the device includes: 
means (1,13, 7, 9) for focusing and irradiating a first spot SP1 for the purpose of recording, reproducing and 
erasing information on an optical disk medium; 50 
a disposal means 13 for irradiating a second spot SP4 and a third spot SP5 as a first group and a fourth spot 
SP6 and a fifth spot SP7 as a second group, onto a groove track on the recording medium as focused light 
beams simultaneously with said irradiation of the first spot SP1, said second to fifth spots being irradiated onto 
the groove track in such a manner that the spot belonging to either group is irradiated on the same side of the 
first light spot SP1, that the groove portion and the non-groove portion are discriminated, that the focused 55 
spot and the non-focused spot are discriminated, and that each of the second to fifth spots covers both an 
inside and outside of the groove track; 

five photodetectors 30 for receiving reflected light beams from each of spots SP1 and SP4 to SP7; and 

a calculation circuit 31 for calculating each output of the photodetector 30 and computing a tracking error and 

a focusing error. 60 

The diffraction grating element 13 as a spot disposal means as shown in Fig. 9, is disposed to include two 
different sheets of diffraction gratings 18 and 19 to generate a light spot. 

The constitution and operation of the device in Fig. 28 will be described In reference to Figs. 29 to 40. 

Figure 29 shows an arrangement of a photodetector 30 and spots. The top portion of Ffg. 29 shows the 
disposal of spots on the track groove of an optical disk, the middle portion of Fig. 29 a top view diagram of the 65 
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disposal of the photodetector and the lower portion of Fig. 29 a side view diagram of the photodetector. 

In the top portion of Fig. 29, SP1 denotes a first spot for recording and reproducing information, SP4 and 
SP5 denote a second spot and a third spot for detecting a tracking error which spots are obtained by a ( + ) 
1 -order light passing through a respective diffraction grating. SP6 and SP7 denote a fourth spot and a fifth spot 
5 for detecting a focusing error which spots are also obtained by a (-) 1 -order light. In the middle portion of 
Fig. 29, reference numeral 23 and 24 denote photodetectors for detecting a tracking error, the position of 
spots shifting in response to both sides of the track groove, 26 and 27 are photodetectors for detecting a 
focusing error each being divided into three parts in a direction of the track groove, and 22 is a photodetector 
for a first spot which is not divided. In the lower portion of Fig. 29, 26 and 27 make the position of spots differ 

10 upward and downward in the direction of light irradiation. That is, 26 lies in the same plane as the other 
photodetectors 22, 23 and 24, and 27 is disposed at the position in which the same dimension of beam radius 
as the photodetector 26 is obtained, after a focusing beam once forms an image. 

Figures 30 and 31 are diagrams showing a concrete constitution of a calculating circuit 31 shown in the 
device of Fig. 28. Fig. 30 is a subtraction circuit for obtaining the difference signal for detecting a tracking error 

15 TE, and its operational expression is indicated as follows. 
TE - S2-S3, 

where S2 denotes the output of the photodetector 22 for a second spot and S3 the output of the 
photodetector 23 for a third spot. 

Figure 31 is a detection circuit for detecting a focusing error FE, S41 to S43 denote the output of the 
20 photodetector 25 for a fourth spot and S51 to S53 the output of the photodetector 26 for a fifth spot. A sum 
signal of S41 ( S52 and S43 and a sum signal of S51, S42 and S53 are obtained with regard to the outputs of 
each divided photodetector, then a remote and near state of focusing on the surface of the optical disk from 
the above two difference signals are detected. An operational expression of the focusing error FE is indicated 
as follows. 

25 FE = (S41 + S52 + S43) - (S51 + S42 + S53) 

Figs. 32 to 34 show the signals of detectors 23 and 24 when the tracking error is detected. In Fig. 32, as 
spots SP1 , SP4 and SP5 are found normally on the track groove, the amount of each dark portion of the spot in 
the detectors 23 and 24 is the same. In Figs. 33 and 34, as each spot is not found on the track groove, each 
dark part is different, and the direction of the tracking error can be discriminated by the calculating circuit. 

30 Figures 35 to 37 are diagrams showing the signals of detectors 26 and 27 when a focusing error is detected. 
Fig. 35 shows that S41 and S51 , S42 and S52, and S43 and S53 are equal to each other and the focal point fits 
perfectly. When the optical disk comes close to a light source, as shown in Fig. 36, since the focal point of the 
signal light is prolonged, the beam radius entering the detector after image-formation is small and the beam 
radius before image-formation is large. For this reason, if a calculation is effected by the calculation circuit, it is 

35 seen that the result is not zero, but the occurence of a focusing error is detected. Fig. 37 shows a case where 
the optical disk is apart from the light source and is in a reverse state from the case of Fig. 36. 

Figure 38 and 38 are diagrams showing a change of luminous energy of the photodetector when a flat-disk 
vibrato occurs. Fig. 38 shows a case where the flat-disk vibrato does not occur, and is the same as in Fig. 35. 
Fig. 39 shows a case where the position of spots entering each detector changes, as the fiat-disk vibrato 

40 occurs. In this case, since the luminous energy of S41 and S51, S42 and S52, and S43 and S53 are equal to 
each other, when the calculation is carried out by the calculation circuit shown in Fig. 31 , the result is zero due 
to the cancelation of the difference, and the focusing error is not recognized. 

Next a case where the birefringence of a glass layer for protecting the optical disk should be taken into 
account will be described. In Fig. 40, it is shown that a partial birefringence is found in a part of a substrate of 

45 the optical disk and the spot on the photodetector of Fig. 22 where a port of the signal light is darkened, (at the 
part of a dark point) is illustrated. In this case, the dark positions of the signal light which after image-formation 
and before image-formation, enters into the photodetector, are symmetrical. Therefore, due to the calculation 
by the circuit shown in Fig. 31 the dark points are cancelled, and the focusing error which originated from the 
birefringence does not occur. 

50 

Claims 

1. A method for detecting a tracking error in a process for tracing a groove track on a recording medium 
55 comprising the steps of: 

irradiating a first light spot onto a groove track on a recording medium as a focused light beam for recording, 

reproducing, or erasing information on the groove track of the recording medium; 

irradiating a second and a third light spot onto an area around the groove track on the recording medium as 

focused light beams, simultaneously with said irradiation of the first light spot, said second and third light 
60 spots being irradiated onto an area around the groove track on one side of said first light spot in such a manner 

that each of said second and third light spots covers both an inside and outside of said groove track; 

optically detecting, by a plurality of photodetectors, light from said first, second, and third light spots reflected 

from the recording medium; and 

determining a tracking error in a process of tracing the groove track by a calculation using the results of said 
65 optical detection by said plurality of photodetectors. 
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2. An apparatus for detecting a tracking error in a process for tracing a groove track on a recording medium 
comprising: 

a recording medium having a groove track in the surface thereof; 

a light source for producing light emissions to be irradiated onto said recording medium; 

irradiation means for irradiating a first, second, and third light spots onto an area around the groove track on 5 
the recording medium, said first light spot being irradiated as a focused light emission onto a groove track for 
recording, reproducing, or erasing information on the groove track of the recording medium, said second and 
third light spots being irradiated onto an area around the groove track on the recording medium as focused of 
light beams, said second and third light spots being irradiated onto an area around the groove track on one 
side of said first light spot in such a manner that each of said second and third light spots covers both an inside 10 
and outside of said groove track; 

a plurality of photodetectors for detecting reflected light beams of said first, second, and third light spots 
reflected from the recording medium; and 

calculation means for determining a tracking error for use in a process of tracing the groove track by use of 
calculations based on the results of said detection by said plurality of photodetectors. 15 

3. A diffraction grating used for said irradiation means in said apparatus according to claim 2, for producing 
irradiation of said second and third spots, said diffraction grating comprising two diffraction grating elements 
having different diffraction directions. 

4. A diffraction grating according to claim 3, wherein a plurality of planar diffraction gratings having different 
grating pitches is incorporated with a transparent substrate, in the relationship where the directions of grating 20 
of said planar diffraction gratings are different from each other by a predetermined angle. 

5. A diffraction grating according to claim 3, wherein said diffraction grating is incorporated with a prism 
arranged between the light source and a light beam splitter. 

6. A plurality of photodetectors in said apparatus according to claim 2, 3, 4 or 5, wherein said plurality of 
photodetectors is constituted by serially arranged first photodetector for receiving reflection light reflected 25 
from said first light spot, and second and third photodetectors for receiving reflection lights reflected from said 
second and third light spots, the order of said arrangement being the first photodetector, the second 
photodetector, and the third photodetector. 

7. A plurality of photodetectors in said apparatus according to any of claims 2 to 6, wherein a fourth 
photodetector arranged in the position symmetrica! to the second or third photodetector with regard to the 30 
first photodector is provided for carrying out adjustment of position of the diffraction grating by the outputs of 

said first to fourth photodetectors. 

8. A method for detecting a tracking error and a focusing error in a process of tracing a groove track on a 
recording medium comprising the steps of: 

irradiating a first light spot onto a groove track on a recording medium as a focused light beam for recording, 35 
reproducing, erasing information on the groove track of the recording medium; 

irradiating a second and third light spots as a first spot group, and a fourth and fifth light spots as a second 
light spot group, onto an area around the groove track on the recording medium as focused light beams 
simultaneously with said irradiation of the first light spot, said second to fifth light spots being irradiated onto 
an area around the groove track in such a manner that the spot belonging to either of said groups is irrldiated 40 
on one side of said first light spot, that the groove portion and the non-groove portion are discriminated, that 
the focused light spot and the non-focused light spot are discriminated, and that each of said second of fifth 
light spots covers both inside and outside of said groove track; 

optically detecting, by a plurality of photodiodes, reflection lights of said first to fifth light spots reflected from 
the recording medium; and 45 
obtaining a tracking error and a focusing error in a process of tracing the groove track by a calculation using 
the results of said optical detection by said plurality of photodetectors. 

9. A method according to claim 8, wherein a diffraction grating is used for producing irradiation of said 
second to fifth light spots, said diffraction grating comprising two diffraction grating elements having different 
diffraction directions. $0 

10. A method according to claim 8 or 9, wherein said second and third light spots are based on the diffracted 
light of -M order and used for detecting a tracking error, and said fourth and fifth light spots are based on the 
diffracted light of -1 order and used for detecting a focusing error. 

55 
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